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(54) Communication channel assigning system 

(57) A communication channel assigning system is 
disclosed, that comprises a mobile communication sys- 
tem having a plurality of radio base stations disposed in 
a plurality of radio zones, a plurality of mobile stations 
for communicating with the base stations using commu- 
nication channels, and a radio base station controlling 
unit for controlling the radio base stations, a transmitting 
means for transmitting data corresponding to a code 
division multiple-access radio modulation system, a 
means for assigning a communication channel to the 
data transmitted by the transmitting means, and a 
means for using communication channels with a plural- 
ity of bandwidth in the same frequency band. 
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Description 

Background of the Invention 

1 . Field of the Invention s 

[0001] The present invention relates to a communica- 
tion channel assigning system corresponding to the OS 
(Direct Sequence)-CDMA (Code Division Multiple 
Access) radio modulation method and the FH (Fre- 10 
quency Hopping)-CDMA radio modulation method for 
use with a mobile communication system such as a 
portable telephone system. 



2. Description of the Related Art 



is 



[0002] In recent years, in mobile communication sys- 
tems, as well as in audio information, a data communi- 
cation system with a high©- bit rate than aucSo 
information has been required for communication. As a so 
modulation system that satisfies such a requirement, a 
CDMA radio communication modulation system is 
known. 

[0003] In conventional CDMA radio modulation sys- 
tems, each of various frequency bands (for exampJe, a 2s 
1-MHz band as a narrow band, a 5-MHz band as an 
intermediate band, and a 20-MHz band as a wide band) 
is assigned a predetermined number of communication 
channels. The number of communication channels that 
can be used at a time in each band (namely, the interfer- 30 
ence power amount of each band) is fixed to a predeter- 
mined value. 

[0004] Thus, when the number of calls that take place 
in one frequency band exceeds a predetermined value, 
even if another frequency band has free channels, the 35 
excessive calls cannot be assigned to the free chan- 
nels. Thus, in the conventional mobile communication 
system, frequency bands cannot be sufficiently used. In 
other words, the conventional mobile communication 
system has a large division loss. 40 

Summary of the Invention 

[0005] An object of the present invention is to provide 
a communication channel assigning system that can 45 
effectively use a particular frequency band. 
[0006] The present invention is related to a communi- 
cation channel assigning system, comprising a mobile 
communication system having a plurality of radio base 
stations disposed in a plurality of radio zones, a plurality so 
of mobile stations for communicating with the base sta- 
tions using communication channels, and a radio base 
station controlling unit for controlling the radio base sta- 
tions, a transmitting means for transmitting data corre- 
sponding to a code division multiple-access radio ss 
modulation system, a means for assigning a communi- 
cation channel to the data transmitted by the transmit- 
ting means, and a means for using communication 



channels with a plurality of bandwidth in the same fre- 
quency band. 

[0007] The communication channel assigning system 
of the present invention further comprises a measuring 
means for measuring the interference power amount of 
each frequency band, an estimating means for estimat- 
ing the transmission power amount necessary for the 
type of a service of a newly generated call, and an 
assigning means for determining a frequency band with 
the minimum division loss corresponding to the interfer- 
ence power amount of each frequency band measured 
by the measuring means and the transmission power 
amount estimated by the estimating means and assigns 
the newly generated call to the determined frequency 
band. 

[0003] The communication channel assigning system 
of the present invention further comprises a measuring 
means for measuring the interference power amount of 
each frequency band upon occurrence of a new call, an 
estimating means for estimating the transmission power 
amount necessary for the type of the service of the 
newly generated call, an assigning means for simulating 
the interference power amount of each frequency band 
in the case that each existing call is handed over to 
another frequency band, obtaining the resultant simula- 
tion information, handing over each existing call corre- 
sponding to the interference power amount of each 
frequency band measured by the measuring means, the 
transmission power amount estimated by the estimating 
means, and the simulation information, determining the 
frequency band with the minimum division loss for the 
newly generated call, and assigning the newly gener- 
ated call to the determined frequency band. 
[0009] Each of the radio base stations has the meas- 
uring means, the estimating means, and the assigning 
means. 

[001 0] Each of the radio base stations has the meas- 
uring means and the estimating means. The radio base 
station controlling unit has the assigning means. Each 
of the radio base stations has an estimated result 
informing means for informing the radio base station 
controlling unit of the power amount estimated by foe 
estimating means. 

[001 1 ] Each of the radio base stations has the meas- 
uring means. The radio base station controlling unit has 
the estimating means and the assigning means. Each of 
the radio base stations has an estimated result inform- 
ing means for informing the radio base station control- 
ling unit of the power amount estimated by the 
estimating means 

[001 2] These and other objects, features and advan- 
tages of the present invention will become more appar- 
ent in the light of the following detailed description of a 
best mode embodiment thereof, as illustrated in the 
accompanying drawings. 
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Bri$f Description gf Drawings 
[0013] 

Fig. 1 is a block diagram showing a mobile commu- s 
nication system employing a communication chan- 
nel assigning system according to an embodiment 
of the present invention; 

Fig. 2 is a block diagram for explaining the commu- 
nication channel assigning system according to a 
first embodiment of the present invention; 
Fig. 3 is a schematic diagram for explaining the 
operation of the communication channel assigning 
system according to the first embodiment of the 
present invention; 

Fig. 4 is a block diagram for explaining a communi- 
cation channel assigning system according to a 
second embodiment of the present invention; 
Figs. 5A and 5B are schematic diagrams for 
explaining the operation of the communication 
channel assigning system of the present invention; 
Fig. 6 is a block diagram for explaining a communi- 
cation channel assigning system according to a 
third embodiment of the present invention; and 
Fig. 7 is a block diagram for explaining a communi- 
cation channel assigning system according to a 
fourth embodiment of the present invention. 

Description of Prgferre^ Embodiment? 

[0014] Next, with reference to the accompanying 
drawings, a communication channel assigning system 
according to an embodiment of the present invention 
will be described. 

[0015] Fig. 1 is a schematic diagram showing an 
example of the structure of a mobile communication 
system employing a communication channel assigning 
system according to an embodiment of the present 
invention. Referring to Fig. 1 , the mobile communication 
system comprises a radio base station controlling unit 
110. a plurality of radio base stations 120 (120-1 and 
120-2), and a plurality of mobile stations 130 (130-1, 
1 30-2, and 1 30-3). It should be noted that the number of 
radio base stations 120 and the number of mobile sta- 
tions 130 is not limited to those shown in Fig. 1. Each 
radio base station 120 is disposed in each known radio 
zone. Each radio base station 120 communicates with 
mobile stations 130 in the zone of the radio base station 
120 using respective communication channels. 
[0016] In the communication channel assigning sys- 
tem according to the present invention, communications 
-channels having a plurality of frequency bandwidth are 
used as the same frequency band. 

(First Embodiment) 

[0017] Fig. 2 is a block diagram for explaining a com- 
munication channel assigning system according to a 



first embodiment of the present invention. Fig. 2 shows 
the structure of the radio base station 120 shown in Fcg. 
1. 

[0018] Referring to Fig. 2, the radio base station 120 
comprises a measuring means 121. an estimating 
means 122, and an assigning means 123. The measur- 
ing means 121 measures the interference power 
amount of each frequency band. The estimating means 
122 estimates the transmission power amount required 
for the type of the service of a newly generated call. The 
assigning means 1 23 determines a frequency band with 
the minimum division loss corresponding to the interfer- 
ence power amount of each frequency band measured 
by the measuring means 121 and the transmission 
power amount estimated by the estimating means 122 
and assigns the newly generated call to the determined 
frequency band. 

[001 9] Next, the operation of the communication chan- 
nel assigning system will be described. 
[0020] Fig. 3 is a schematic diagram showing the state 
of use of communication channels upon occurrence of a 
new call. In Fig. 3, the horizontal axis and the vertical 
axis represent the frequency and power amount, 
respectively. 

[0021] In Fig. 3. a frequency band F1-F2 (5 MHz 
bandwidth) is used. The frequency band F1-F2 is 
divided into five frequency bands 1 to 5 (1 MHz band- 
width). In the frequency band F1-F2, communication 
channels of the narrow band (1 MHz bandwidth) corre- 
spond to the frequency bands 1 to 5. In each of the fre- 
quency bands 1 to 5, three communication channels of 
the narrow band are used. The communication channel 
of the intermediate band (5 MHz bandwidth) corre- 
sponds to all of the region of the frequency bands 1 to 5. 
Hereinafter, all the region of the frequency bands 1 to 5 
is referred to as a frequency band 6. In this frequency 
band 6, two communication channels of the intermedi- 
ate band are used. 

[0022] As shown in F«gs. 2 and 3, when a new caU of 
the narrow band is generated, the measuring means 
121 of the radio base station 120 measures the interfer- 
ence power amount of each frequency band. For exam- 
ple, an interference power amount 13 of the frequency 
band 3 is obtained by adding an interference power 
amount In3 of a communication channel of the fre- 
quency band 3 of the narrow band and an interference 
power amount Im6 of a communication channel of the 
frequency band 6 of the intermediate band as 
expressed by the following formula (1). 

13 o In3 ♦ ImS (1) 

[0023] The estimating means 122 estimates the trans- 
mission power amount required for the type of the serv- 
ice of the generated call. 

[0024] The assigning means 123 determines a fre- 
quency band with the minimum division loss corre- 
sponding to the interference power amount measured 
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by the measuring means 121 and the transmission 
power amount estimated by the estimating means 122 
and assigns the newly generated call to the determined 
frequency band. 

[0025] For example, the assigning means 1 23 obtains s 
a temporary interference power amount of a communi- 
cation channel in the case that the generated call is 
assigned to the frequency band 3. In other words, 
assuming that the estimated result is In3*. the tempo- 
rary interference power amount of the frequency band 3 io 
to which the generated call is assigned becomes 13 + 
In3*. 

[0026] The temporary interference power amount 13 + 
In3* is compared with the maximum interference power 
amount IMAX of the system. When the following formula is 
(2) is satisfied, the assigning means 123 determines 
that the generated call can be assigned to the frequency 
band 3 and assigns the generated call to the frequency 
band 3. 

20 

I3 + In3 + <IMAX (2) 

[0027] It should be noted that the interference power 
amounts In3 and In6 may be based on SIR (Signal 
Interference Ratio) of each frequency bandwidth. 25 
[0028] In the f irst embodiment, the case that a gener- 
ated call is assigned to a channel of the narrow band- 
width (1 MHz) or a channel of the intermediate 
bandwidth (5 MHz) was described. Likewise, the 
present invention can be applied to the case that a call 30 
is assigned to a channel of the wide bandwidth (20 
MHz) as well as a channel of the narrow bandwidth (1 
MHz) or a channel of the intermediate bandwidth (5 
MHz). 

35 

(Second Embodiment) 

[0029] Fig. 4 is a block diagram for explaining a com- 
munication channel assigning system according to a 
second embodiment of the present invention. Fig. 4 40 
shows the structure of a radio base station 220. The 
second embodiment features the radio base station 220 
that is disposed instead of the radio base station shown 
in Rg. 1. 

[0030] Referring to Rg. 4. the radio base station 220 45 
comprises a measuring means 221, an estimating 
means 222, and an assigning means 223. The measur- 
ing means 221 measures the interference power 
amount of each frequency band for a newly generated 
call. The estimating means 222 estimates the transmis- so 
sion power amount necessary for the type of the service 
of the newly generated call. The assigning means 223 
simulates the interference power amount of each fre- 
quency band in the case that each existing call is 
handed over to another frequency band and obtains the 55 
resultant simulation information, hands over each exist- 
ing call corresponding to the interference power amount 
of each frequency band measured by the measuring 



means 221. the transmission power amount estimated 
by the estimating means 222, and the simulation infor- 
mation, determines the frequency band with the mini- 
mum division loss for the newly generated call, and 
assigns the newly generated call to the determined fre- 
quency band. 

[0031 ] Next the operation of the mobile communica- 
tion system will be described. 

[0032] Fig. 5A is a schematic diagram showing the 
used state of communication channels upon occurrence 
of a new call. In Rg. 5A, the horizontal axis and vertical 
axis show the frequency and power amount respec- 
tively. 

[0033] Referring to Rg. 5A, a frequency band F1 -F2 
(5 MHz bandwidth) is divided into five frequency bands 
1 to 5 (1 MHz bandwidth). In the frequency band F1-F2. 
communication channels of the narrow band (1 MHz 
bandwidth) correspond to frequency bands 1 to 5. In the 
frequency band 1 , three communication channels of the 
narrow band are used. In each of the frequency bands 
2, 4. and 5, two communication channels of the narrow 
band are used. In the frequency band 3, four communi- 
cation channels of the narrow band are used. Commu- 
nication channels of the intermediate band (5 MHz 
bandwidth) correspond to a frequency band 6 that is the 
whde region of the frequency bands 1 to 5. In the fre- 
quency band 6. two communication channels off the 
intermediate band are used. 

[0034] As shown in Figs. 4. 5A. and 5B, when a call of 
the intermediate band is generated, the measuring 
means 221 of the radio base station 220 measures the 
interference power amount of each of the frequency 
bands 1 to 5. The interference power amounts 11 to I5 of 
the frequency bands 1 to 5 are obtained by adding the 
interference power amounts In1 to In5 of communica- 
tion channels of the frequency bands 1 to 5 of the nar- 
row band and the interference power amount ImS of a 
communication channel of the frequency band 6 of the 
intermediate band as expressed by Formula (3). 

11 » In1 + ImS (3) 

(2 o In2 + ImS 

13 = In3 + ImS 

14 = In4 + ImS 

15 = InS + ImS 

[0035] The estimating means 22 estimates the power 
amount necessary for the type of the service of the 
newly generated call. 

[0036] The assigning means 223 hands over each 
existing call corresponding to the interference power 
amount of each frequency band measured by the meas- 
uring means 221, the transmission power amount esti- 
mated by the estimating means 222, and simulation 
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information of which each existing call is handed over 
from an original frequency band to another frequency 
band, obtains hand-over source and destination of each 
existing call and the temporary interference power 
amount of a communication channel of each frequency 
band to which the newly generated call is assigned, and 
assigns the newly generated call to a frequency band 
with less than the maximum interference power amount 
IMAX. 

[0037] Assuming that the estimated result is Im6\ the 
assigning means 223 obtains the temporary interfer- 
ence power amounts 11 + Im6*. 12 + Im6* f 13 + Im6*, 14 
+ Im6*. and 15 + Im6 + of the frequency bands 1 to 5 to 
which the newly generated call is temporarily assigned 
in the case that each existing call is not handed over. 
[0038] The temporary interference power amounts are 
compared with the maximum interference power 
amount IMAX of the system. The compared results are 
expressed by Formula (4). 

11 + Im6* <IMAX (4) 

12 + Im6* <IMAX 

13 + Im6* > IMAX 

I4+Im6 + <IMAX 

I5 + Im6* <IMAX 

[0039] In Formula (4), the expression with respect to 
the frequency band 3 is not satisfied. Since the newly 
generated call uses the intermediate band, when For- 
mula (4) is not satisfied for one of the frequency bands 
1 to 5, the newly generated call cannot be assigned. 
[0040] Thus, the assigning means 223 performs a 
simulation for handing over each existing call from the 
original frequency band to another frequency band and 
obtains simulation information of which one existing call 
in the frequency band 3 is temporarily handed over to 
the frequency band 2. When the temporary interference 
power amounts of the frequency bands corresponding 
to the simulation information are compared with the 
maximum interference power amount IMAX of the sys- 
tem, the results expressed by Formula (5) are obtained. 

H+lm6*<IMAX (5) 

12 + Im6* <IMAX 

13 + Im6 + < IMAX 

14 + Im6 + <IMAX 

15 + Im6 + < IMAX 

[0041] Thus, since Formula (6) is satisfied for alt the 
frequency bands, the assigning means 224 determines 
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that the newly generated call can be assigned to the fre- 
quency band 6 in the condition that one existing cal in 
the frequency band 3 is handed over to the frequency 
band 2. Thus, the assigning means 224 hands over one 

5 existing call in the frequency band 3 to the frequency 
band 2 and assigns the newly generated call to the fre- 
quency band 6 as shown in Fig. 5B. 
[0042] In the example shown in Fig. 5A, it is dear that 
one existing call in the frequency band 3 may be handed 

io over to the frequency band 4 or 5. 

[0043] In the first and second embodiments, the case 
that a generated call is assigned to a channel of the nar- 
row bandwidth (1 MHz) or a channel of the intermediate 
bandwidth (5 MHz) was described. Likewise, the 

is present invention can be applied to the case that a cal! 
is assigned to a channel of the wide bandwidth (20 
MHz) as well as a channel of the narrow bandwidth (1 
MHz) or a channel of the intermediate bandwidth (5 
MHz). 

20 

(Third Embodiment) 

[0044] Fig. 6 is a block diagram for explaining a com- 
munication channel assigning system according to a 

25 third embodiment of the present invention. Fig. 6 shows 
principal portions of a mobile communication system for 
the communication channel assigning system. The third 
embodiment features a radio base station 320 and a 
radio base station controlling unit 310 disposed instead 

30 of the radio base station 1 20 and the radio base station 
controlling unit 1 10 shown in Fig. 1. respectively. 
[0045] Referring to Fig. 6, the radio base station 320 
comprises a measuring means 321, an estimating 
means 322, and an estimated result informing means 

35 323. The estimated result informing means 323 informs 
the radio base station controlling unit 310 of a transmis- 
sion power amount estimated by the estimating means 
322. The radio base station controlling unit 310 com- 
prises an assigning means 311. 

40 [0046] The structures and operations of the measur- 
ing means 321, the estimating means 322, and the 
assigning means 311 according to the third embodi- 
ment are the same as those of the measuring means 
121, the estimating means 122, and the assigning 

45 means 123 according to the first embodiment. Alterna- 
tively, the structures and operations of the measuring 
means 321 , the estimating means 322, and the assign- 
ing means 31 1 according to the third embodiment are 
the same as those of the measuring means 221, the 

so estimating means 222, and the assigning means 223 
according to the second embodiment. According to the 
structure of the third embodiment shown in Fig. 6, since 
only the radio base station controlling unit 310 assigns 
newly generated calls to relevant frequency bands cor- 

55 responding to estimated results of a plurality of base 
stations 320, interference of frequencies among a plu- 
rality of cells can be suppressed. 
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(Fourth Embodiment) 

[0047] Fig. 7 is a block diagram for explaining a com- 
municejjon channel assigning system accorcfing to a 
forth embodiment of the present invention. Fig. 7 shows 5 
the principal portion of a mobile communication system 
for the communication channel assigning system. The 
fourth embodiment features a radio base station 420 
and a radio bases station 410 disposed instead of the 
radio base station 120 and the radio base station con- io 
trolling unit 110 shown in Rg. 1 . 
[0048] Referring to Fig. 7, the radio base station 420 
comprises a measuring means 421 and a measured 
result informing means 422. The measured result 
informing means 422 informs the radio base station is 
controlling unit 410 of each interference power amount 
measured by the measuring means 421 . The radio base 
station controlling unit 410 comprises an estimating 
means 41 1 and an assigning means 412. 
[0049] The structures and operations of the measur- so 
ing means 421, the estimating means 411, and the 
assigning means 412 according to the fourth embodi- 
ment are the same as those of the measuring means 
121. the estimating means 122, and the assigning 
means 123 according to the first embodiment. Alterna- 25 
tively, the structures and operations of the measuring 
means 421 , the estimating means 41 1, and the assign- 
ing means 412 according to the fourth embodiment are 
the same as those of the measuring means 221, the 
estimating means 222, and the assigning means 223 30 
according to the second embodiment 
[0050] In the structure shown in Fig. 7, the radio base 
station controlling unit 410 obtains the interference 
power amounts measured by the radio base station 420 
of each area cell. The radio base station controlling unit 35 
410 estimates proper frequency bands and assigns 
newly generated calls to the estimated frequency 
bands. Thus, in the area zone of the controlling unit 410, 
the interference of frequencies can be suppressed. In 
addition, the communication quality and QOS(QuaTrty of 40 
service) can be improved. 

[0051] In the communication channel assigning sys- 
tem according to the present invention, communication 
channels of different frequency bands can be effectively 
used. 45 
[0052] Although the present invention has been 
shown and described with respect to a best mode 
embodiment thereof, if should be understood by those 
skilled in the art that the foregoing and various other 
changes, omissions, and additions in the form and so 
detail thereof may be made therein without departing 
from the spirit and scope of the present invention. 

Claims 

55 

1. A communication channel assigning system, com- 
prising: 



a mobile communication system having: 

a plurality of radio base stations disposed in a 

plurality of radio zones, 

a plurality of mobile stations for communicating 
with the base stations using communication 
channels, and 

a radio base station controlling unit for control- 
ling the radio base stations; 
transmitting means for transmitting data corre- 
sponding to a code division multiple-access 
radio modulation system; 
means for assigning a communication channel 
to the data transmitted by said transmitting 
means; 

means for using communication channels with 
a plurality of bandwidths in the same frequency 
band; and 

measuring means for measuring the interfer- 
ence power amount of each frequency band. 

2. The communication channel assigning system as 
set forth in claim 1 , further comprising: 

estimating means for estimating the transmis- 
sion power amount necessary for the type of a 
service of a newly generated call; and 
assigning means for determining a frequency 
band with the minimum division loss corre- 
sponding to the interference power amount of 
each frequency band measured by said meas- 
uring means and the transmission power 
amount estimated by said estimating means 
and assigning the newly generated call to the 
determined frequency band. 

3. The communication channel assigning system as 
set forth in claim 1 , further comprising: 

measuring means for measuring the interfer- 
ence power amount of each frequency band 
upon occurrence of a new call; 
estimating means for estimating the transmis- 
sion power amount necessary for the type of 
the service of the newly generated call; 
assigning means for simulating the interference 
power amount of each frequency band in the 
case that each existing call is handed over to 
another frequency band, obtaining the result- 
ant simulation information, handing over each 
existing call corresponding to the interference 
power amount of each frequency band meas- 
ured by said measuring means, the transmis- 
sion power amount estimated by said 
estimating means, and the simulation informa- 
tion, determining the frequency band with the 
minimum division loss for the newly generated 
call, and assigning the newly generated call to 
the determined frequency band. 
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4. The communication channel assigning system as 
set forth in claim 2 or 3. 

wherein each of the radio base stations has 
said measuring means, said estimating means, and 
said assigning means. 5 

5. The communication channel assigning system as 
set forth in claim 2 or 3, 

wherein each of the radio base stations has 
said measuring means and said estimating means, 10 

wherein the radio base station controlling 
unit has said assigning means, and 

wherein each of the radio base stations has 
estimated result informing means tor informing the 
radio base station controlling unit of the power is 
amount estimated by said estimating means. 

6. The communication channel assigning system as 
set forth in claim 2 or 3. 

wherein each of the radio base stations has so 
said measuring means, 

wherein the radio base station controlling 
unit has said estimating means and said assigning 
means, and 

wherein each of the radio base stations has 25 
estimated result informing means for informing the 
radio base station controlling unit of the power 
amount estimated by said estimating means. 

7. The communication channel assigning system as so 
set forth in any one of claims 3 to 6. 

wherein a plurality of types of frequency 
bandwidth is redundantly used. 

35 
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